APPENDIX C 

(CLEAN VERSION OF ALL PENDING CLAIMS) 
(Serial No. 09/829,161) 



CLAIMS 

What is claimed is: . 

, . (Amended) A method for making a metallization structure for a semiconductor dev,ce, 

comprising: 

forming a substantially planar first dielectric layer on a substrate; 
forming at least one metal layer over the first dielectric layer; 
forming a conducting layer over the at least one metal layer; 
forming a second dielectric layer over the conducting layer; 

removing aligned portions of the second Electric layer, conducting layer, and at least one metal 

layer to form a multilayer structure; and 
forming metal spacers on sidewalls of the multilayer structure. 

2. The method of claim 1, wherein forming the first dielectric layer comprises forming a 
silicon oxide or BPSG layer. 

3. The method of claim 2, further including forming the at least one metal layer of Ti, Ta, 
W, Co or Mo or an alloy or a compound of any thereof, including TaN or TiN. 

4 (Amended) The method of claim 3, further including forming a second metal layer 
between a first metal layer of said at least one metal layer and the substrate, said second metal 
layer comprising TiN, TiW, WN, or TaN. 

5. The method of claim 1, further including forming the at least one metal layer of 
titanium or titanium nitride. 

6. The method of claim 1, wherein the at least one metal layer is a single metal layer and 
further comprising forming the single metal layer of titanium or titanium nitride. 
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7. The method of claim 1, further comprising forming the conducting layer from ,he 
group comprising aluminum and copper. 

g. The method of claim 7, firrther including forming the conducting layer of an aluminum- 

copper alloy. 

9 The method of ciaim 1, further including forming the metal spacers of at least one .ayer 
of Ti, Ta, W, Co or Mo, or alloys thereof or compounds thereof, including TaN and TuN. 

,0. The method of claim 9, further including forming the metal spacers of titanium or 

titanium nitride. 

„ (Amended) The method of claim 1, wherein said forming a second dielectric layer 

with sidewalls of the conducting layer, and forming the meta, spacers to extend along the 
sidewalls of the second dielectric layer. 

U. (Amended) The method of claim „, further comprising forming the second dielectric 
layer of a low dielectric constant material. 

,3. (Amended) The method of claim 12, further comprising forming the second dielectric 
layer of a fluorine-doped silicon oxide. 

14 Th e method of claim 1 , further comprising forming the at least one metal layer and the 
metal spacers of the same metal. 

,5. The method of claim 1, further comprising forming the a, leas, one metal layer by 
vapor deposition. 
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16. (Amended) The method of claim 1, further comprising forming the at least one metal 
layer by CVD, PVD or PECVD. 

17. The method of claim 1, further comprising forming the conducting layer by vapor 
deposition. 

18. The method of claim 17, further comprising forming the conducting layer by CVD, 
PVD or PECVD. 

19. The method of claim 1, further comprising forming the metal spacers by vapor 
deposition and directional etching. 

20. The method of claim 19, further comprising effecting the vapor deposition as CVD, 
PVD or PECVD. 

21. (Amended) The method of claim 1, wherein removing aligned portions of the second 
dielectric layer, conducting layer, and at least one metal layer to form the multilayer structure is 
effected by patterning and etching the second dielectric layer, the conducting layer, and the at 
least one metal layer. 

22. (Amended) The method of claim 1, further comprising forming the metal spacers by 
forming a metal spacer layer over the multilayer structure and first dielectric layer and removing 
portions thereof overlying the first and second dielectric layers. 

23. (Amended) The method of claim 22, further comprising forming the metal spacer 
layer over the multilayer structure and first dielectric layer by a conformal deposition process. 

24. (Amended) The method of claim 23, wherein portions of the metal spacer layer over 
the multilayer structure and first dielectric layer are removed by etching. 
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25 The method of claim 1, further comprising: 
spacers laterally adjacent thereto. 

26 (Amended) The method of claim 25, further comprising removing any remaining 
portion of the second dieiectric layer and upper portions of ,he metal spacers by etchmg. 

27 (Amended) A method for making a metallization structure comprising: 
forming a substrate comprising at least one metal layer on a surface thereof; 
forming a dielectric layer over the at least one metal layer; 

the at least one metal layer; 
forming a metal spacer on the at least one sidewall of the aperture; and 
forming a conductive layer in a remaining portion of the aperture. 

28. The method of claim 27, farther comprising forming the dielectric layer of silicon 



oxide. 



29. The method of claim 27, further including forming the at leas, one metal layer of Ti. 
Ta, W, Co or Mo or alloys or compounds thereof, including TaN or TiN. 

30 (Amended) The method of claim 29, wherein the at least one metal layer comprises a 
and the substrate, said second metal layer comprising TiN, TiW, WN, or TaN. 

31. The method of claim 27, further including forming the at leas, one metal layer of 
titanium or titanium nitride. 
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32. The.e.hodofc.ai^^rthercompnsingfomung.heat.eas.one^anayerbv 

vapor deposition. 

CVD, PVD or PECVD. 

34. (tended, The method of darm 27, further uprising forming the conductive layer 
by vapor deposition. 

by CVD, PVD or PECVD. 

the metal spacer of the same metal. 

37 . The method of data 27, fitrther comprising forming the meta, spacer by vapor 
deposition and directional etching. 

38 Th e ra ethodofc 1 aim27, fcrt hermdudin g for m in g the m e,a 1 spacerofaUeasto„e 
iayer of Ti, Ta, W, Co or Mo, or aiioys or compounds thereof, inc.uding TaN or T,N. 

39. The method of ciaim 38, fcrther inciuding forming the metai spacer of titanium or 
titanium nitride. 

40. The method of ciaim 27, further comprising forming a, ieast one upper metaUayer on 
the conductive layer. 
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41 The method of dam. 40, further comprising forming the at least one upper metal layer 
on the conductive layer from Ti, Ta, W, Co or Mo or alioys or compounds thereof, including TaN 
or TIN. 

42. The method of claim 40, further comprising forming the at least one upper metal layer 
as a plurality of upper metal layers. 

43. The method of claim 40, further comprising forming the at least one upper metal layer 
of titanium or titanium nitride. 

44. The method of claim 40, further comprising forming the at least one upper metal layer 
by vapor deposition. 

45. The method of claim 44, wherein the vapor deposition is effected by CVD, PVD or 
PECVD. 

46. The method of claim 27, further comprising removing the dielectric layer and portions 
of the at least one metal layer not underlying the aperture. 

47. The method of claim 46, further comprising removing the dielectric layer by using a 
hydrofluoric acid wet etch solution or an oxide dry etch process. 

48. The method of claim 46, further comprising removing the portions of the at least one 
metal layer by directional etching. 

49. (Amended) A method for making a metallization structure comprising: 
forming a substrate comprising at least one metal layer on a surface thereof; 
forming a dielectric layer over the at least one metal layer; 

fornung an aperture through the dl electnc layer to expose a surface of the at least one metal layer; 
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forming a conducting layer in the aperture; 

forming at least one upper metal layer overlying the dielectric layer and the conducting layer in the 
aperture; 

removing portions of the at least one upper metal layer overlying the dielectric layer, removing the 
dielectric layer, and removing portions of the at least one metal layer surrounding the 
conducting layer to form a multilayer metal structure having at least one sidewall; and 

forming a metal spacer on the at least one sidewall of the multilayer metal structure. 

50. The method of claim 49, further comprising forming the dielectric layer of silicon 

oxide. 

51. The method of claim 49, further including forming the at least one metal layer of Ti, 
Ta, W, Co or Mo or alloys or compounds thereof, including TaN or TiN. 

52. (Amended) The method of claim 51, wherein the at least one metal layer comprises a 
first metal layer, and further including forming a second metal layer between the first metal layer 
and the substrate, said second metal layer comprising TiN, TiW, WN, or TaN. 

53. The method of claim 49, further including forming the at least one metal layer of 
titanium or titanium nitride. 

54. The method of claim 49, further comprising forming the at least one metal layer by 
vapor deposition. 

55. The method of claim 54, further comprising forming the at least one metal layer by 
CVD, PVD or PECVD. 

56. The method of claim 49, further comprising forming the conducting layer by vapor 
deposition. 
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PVD orPECVD. 

the metal spacer of the same metal. 

, h dofclaim4 9 furthercomprisingformingthemeta.spacerhy 

vapor-deposited metallayer. 
titanium nitride. 

, t „ * Themetho d ofc,aim49>rthercompnsmgfornun g thea,.easto„e 
62. (Amended) The method ^ ^ ^ ^ Qr a 

upper meta, layer overlying the dielectne layer from T,, Ta, W, 
compound of any thereof, including TaN or TrN. 

6 3. T hemethodofe, a m 62 > rth ereomp n slngforrmngt,eat,ea S toneup P erme,a,,ayer 

as a plurality of upper metal layers. 

of titanium or titanium nitride. 

65T hemethodofe,m 49 >rt h ereomp ri s,ngform,n g thea,,ea S toneu P per m eta,,ayer 

by vapor deposition. 
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PECVD. 

67 XHe^ofCa.^^—ns— g the dieiectric iayer oy usin g a 
hydrofluoric acid we. etch solution or an oxide dry etch process. 

68T he m ethodo f c,,r„4 9 > rt herco m pH S in g re m ovi ng theponio n so ft hea,,ea S tone 

metal layer by directional etching. 

least one of aluminum and copper. 

70 tended) The m ethod of ciaint 4,>rther conrprisin, formin, the at ieast one 
.etanayer.rneta.spacer.andatieastoneupper.etaUayerofthesame.et,. 



71. (Amended) The 



method of claim 70, wherein the same metal is Ti. 
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